Objective: Recent studies have shown that the presence of systemic inflammation and platelet status correlate with poor survival in various cancers. The aim of this study was to evaluate the prognostic value of the preoperative platelet-lymphocyte ratio (PLR) and the neutrophillymphocyte ratio (NLR) in patients with oral squamous cell carcinoma (OSCC) undergoing surgery. Methods: In this study, 306 patients with OSCC who had surgery were enrolled. The optimal cutoff value of PLR and NLR was determined by receiver operating characteristic (ROC) curve analysis. The prognostic significance of both markers was determined by uni-and multivariate analysis.
Introduction
Oral squamous cell carcinoma (OSCC) is the sixth most common cancer worldwide [Warnakulasuriya, 2009] . Surgical resection and chemoradiotherapy are considered potential curative treatments for OSCC. However, the overall 5-year survival after surgical resection is poor, mainly because patients frequently develop locoregional recurrence, metastatic disease and second primary tumors [Warnakulasuriya, 2009; Agulnik, 2012] . Several clinicopathologic factors, such as age, primary tumor size, regional lymph node metastasis status and surgical margin involvement have been shown to contribute to the poor prognosis in patients with oral cancer [Woolgar, 2006; Bernier et al. 2005] . These are generally useful, but these factors are only determined after surgery. Therefore, it is necessary to search for a potential prognostic indicator that would be available before surgery.
Over the past few decades, hematological components of the systemic inflammatory response have been combined to form inflammation-based prognostic scores to predict cancer survival. Subsets of peripheral blood, including lymphocytes, monocytes, neutrophil and platelets, have been found to be associated with prognosis of different cancers [Sasaki et al. 2006; Gomez et al. 2008; Smith et al. 2009; Sitia et al. 2012; Maithel The preoperative platelet-lymphocyte ratio versus neutrophil-lymphocyte ratio: which is better as a prognostic factor in oral squamous cell carcinoma? et al. 2011] . Recently, elevated neutrophil to lymphocyte ratio (NLR) and platelet to lymphocyte ratio (PLR) have been reported to be associated with a prognosis of survival in various cancers, including esophageal, nasopharyngeal, gastric, colorectal and endometrial carcinomas [Sharaiha et al. 2011; Aliustaoglu et al. 2009; Kwon et al. 2012; Gorelick et al. 2009; Roxburgh and McMillan, 2010; Sato et al. 2012] .
Regarding OSCC, evidence for the prognostic value of NLR and PLR after surgery is limited [Perisanidis et al. 2013] . Hence, the objective of this study is to evaluate the prognostic value of preoperative peripheral NLR and PLR in patients with OSCC undergoing oral cancer resection without neoadjuvant chemotherapy.
Patients and methods

Patients
The study population consisted of 306 patients with OSCC at the Department of Maxillary Surgery, the First Affiliated Hospital of Sun Yatsen University, between January 2004 and December 2009. Patients were eligible for inclusion in the study if they had (1) OSCC confirmed by pathology; (2) no history of another cancer in the head and neck region; (3) no evidence of distant metastatic disease (M0); (4) standard surgical approach consisted of tumor resection and neck dissection; (5) complete clinical, and followup data; (6) no treatment that can result in an elevated NLR and PLR; (7) no preoperative treatments such as chemotherapy and radiotherapy. Routine blood tests were performed on the day before surgery. NLR was calculated by dividing the absolute neutrophil count by the absolute lymphocyte count. PLR was calculated by dividing the absolute platelet count by the absolute lymphocyte count on preoperative routine blood tests. The study was approved by the Ethics Committee of the First Affiliated Hospital of Sun Yat-sen University. All patients signed informed consent.
Follow up
Patients were followed monthly for the first half year and every 3 months thereafter until December 2014. Clinical examinations were performed at each visit. Computed tomography (CT) was performed every 3-6 months. The duration of overall survival (OS) was recorded from the date of surgery to the date of death or the last visit. The duration of disease-free survival (DFS) was recorded from the date of surgery to the date of recurrence was found. Recurrence was defined as recurrent lesions detected by imaging examinations. Once the recurrence was confirmed, patients were further treated by repeated tumor resection, chemotherapy, radiotherapy according to the size, number and location of recurrent tumors.
Statistical analysis
Statistical analysis was performed by SPSS statistical software (IBM, Armonk, NY, USA, version 17.0 for Windows). Receiver operating characteristic (ROC) curve analysis was performed to select the optimal cutoff value for NLR and PLR. The χ 2 test was used to compare categorical variables. Survival curves were plotted using the Kaplan-Meier method and compared using the log-rank test. Factors independently related to survival were tested by a Cox regression model adjusted for a propensity score. A p value less than 0.05 was considered significant.
Results
Demographic data
A total of 306 patients were eligible for the study. The common presentations of all patients were long-term oral ulcer. The median age at diagnosis was 55 (range 17-87) years, and there were 187 men and 119 women. A total of 224 patients (73.2%, 224/306) had a smoking index of 20 pack years or more. No patient had a family history of OSCC. Most of the patients were in the N0 stage (63.7%, 195/306), with 111 patients (36.3%, 111/141) in the N1-N3 stages. A total of 243 patients (79.4%, 243/306) were in T1-T2 stages, and 63 patients (20.6%, 63/306) were in the T3-T4 stages. Details of features are shown in Table 1 .
The optimal cutoff value for elevated PLR and NLR By using ROC curve analysis, we determined the optimal cutoff value of elevated PLR and NLR for recurrence prediction. For recurrence prediction, the area under the ROC curves for PLR was 0.607 with a 95% confidence interval (CI) of 0.533-0.680, p = 0.004. Regarding NLR, the area under the curve was 0.538 with a 95% CI of 0.465-0.610, p = 0.303 ( Figure 1) . A cutoff value of PLR of 135 presented a sensitivity of 48.3% and a specificity of 72.1% for recurrence and was associated with the strongest Youden index (Youden index = sensitivity + specificity − 1). A cutoff value of NLR of 2.7 presented a sensitivity of 25.3% and a specificity of 83.6% for recurrence and was also associated with the strongest Youden index. Therefore, the cutoff values of 135 and 2.7 were used in this study. Clinicopathological features according to PLR groups are summarized in Table 1 .
DFS and OS of patients with OSCC
Patient follow up was for 6-60 months (median 34 months); 150 patients were alive at the end of follow up, and 87 developed recurrence at 2-59 months after surgery (median 31 months). The 3-and 5-year DFS rates were 81.5%, and 65.1% in the PLR up to 135 group, and were 81.1% and 39.2% in the PLR greater than 135 group, respectively (p < 0.001, Figure 2 ). The 3-and 5-year OS rates were 95.1% and 58.8% in the PLR up to 135 group, and were 80.6% and 36.8% in the PLR greater than 135 group, respectively (p = 0.01, Figure 2 ).
Risk factors for prognosis of OSCC after surgery
Univariate analysis indicated that recurrence was associated with a PLR greater than 135 and age (p < 0.05). Multivariate Cox regression analysis showed that PLR greater than 135 and age were independent factors for recurrence, resulting in shorter DFS (Tables 2 and 3) . Meanwhile, univariate analysis showed that the death of a patient was associated with PLR and age (all p < 0.05). Multivariate Cox regression analysis showed that NLR, neutrophil to lymphocyte ratio; OSCC, oral squamous cell carcinoma; PLR, platelet to lymphocyte ratio.
PLR greater than 135 and age were also independent factors for patient death, resulting in shorter OS (Tables 2 and 3) .
Discussion
NLR has shown a prognostic value in patients with several types of cancer, such as oral cancer [Perisanidis et al. 2013] , nasopharyngeal cancer [Gao et al. 2013] , colorectal cancer [Chua et al. 2013] and gastric cancer [Jung et al. 2011] . The prognostic value of the PLR is also demonstrated in several different tumor types, including colon cancer [Szkandera et al. 2014] , ovarian cancer [Asher et al. 2011] and colorectal cancer [Kwon et al. 2012] . However, the role of NLR and PLR is still controversial. Rashid and colleagues showed that NLR does not correlate with prognostic factors in esophagus cancer [Rashid et al. 2010 ]. Dutta and colleagues determined PLR has no prognostic value to esophagus cancer [Dutta et al. 2011] . In the present study, we demonstrate that PLR but not NLR is an independent prognostic factor associated with both DFS and OS in patients with OSCC who undergo radical surgery without neoadjuvant chemotherapy.
In determining the prognostic value of NLR and PLR for patients with OSCC, we found that patients with a PLR up to 135 had a significantly longer DFS and OS than those with a PLR greater than 135. In contrast, we found patients with a NLR up to 2.7 did not appear to offer useful predictive ability for DFS and OS following oral cancer resection. ROC curves were also plotted to verify the accuracy of NLR and PLR for DFS. Our results revealed that the area under the curve was 0.538 (p = 0.303) for NLR and 0.607 (p = 0.004) for PLR, indicating that NLR was not associated with poor survival in patients with OSCC, and PLR was superior to NLR as a predictive factor in patients with OSCC, which is consistent with other cancers [Rashid et al. 2010] .
Our study showed that a PLR value greater than 135 and age were independent factors for recurrence, resulting in shorter DFS and OS for OSCC. The prognostic value of both thrombocytosis and PLR has been investigated in diverse cancers [Asher et al. 2011; Raungkaewmanee et al. 2012; Silvis et al. 1970; Monreal et al. 1998 ]. Immunosurveillance for cancer fails as humans age [Finch and Crimmins, 2004; Krabbe et al. 2004] , and this may also explain changes in NLR in oral cancer, predominantly a disease of older patients. Thirty-eight percent of our patients were over 60 years of age, in keeping with most published series [Woolgar, 2006; Perisanidis et al. 2013; Gao et al. 2013] . The exact explanation for the association between high preoperative PLR and poor prognosis is not clear. There are several possible explanations. First, platelets can promote tumor growth by increasing angiogenesis, increasing microvessel permeability and extravasation of cancer cells [Sabrkhany et al. 2011; Egan et al. 2011; Suzuki et al. 2004] . Second, platelets could interact with tumor cells through receptors or ligands, and increase tumor cell growth or invasion [Jain et al. 2010; Kim et al. 1998 ]. P-selectin is an adhesion molecule found in the granules of platelets, and it facilitates direct binding of platelets to tumor cells and can augment tumor metastasis [Kim et al. 1998 ]. Third, platelets have a negative effect in host immune attack against tumors [Maini and Schurich, 2012; Nieswandt et al. 1999] . It has been proposed that platelets protect tumor cells from the immune system, such as natural killer (NK) cell attack, by reducing the cytolytic activity of NK cells [Nieswandt et al. 1999] . Moreover, patients with a high PLR have relative lymphocytopenia. It has been postulated that a low lymphocyte count may be responsible for an inadequate immunologic reaction and, consequently, a weakened defense against cancer [Dunn et al. 2004; Hoffmann et al. 2002] .
In recent years, cancer investigation has been focused on the characterization of novel biomarkers, which ideally should be universally available, inexpensive and easily reproducible, and most importantly should have the potential to identify patients at high risk for disease recurrence and death. PLR is a simple and easy to obtain prognostic predictor. Our results indicate that patients with OSCC with high preoperative PLR had poorer survival than patients with low preoperative PLR. PLR can be easily incorporated into routine clinical practice. Furthermore, this index could be simply applied in addition to conventional prognostic factors, further improving prognosis estimation in patients with oral cancer. This finding has far-reaching clinical implications.
The potential limitation of the present study is that it is a retrospective, single-center study. Another limitation was the small sample size of patients. Thus, larger prospective studies will need to be performed to confirm these preliminary results. In addition, the study failed to show the type of lymphocytes because the study used data from routine clinical practice; there may have been a lack of consideration of different functions of each lymphocyte against OSCC.
Conclusion
Our results suggest that a high PLR predicts a poor prognosis in patients who undergo radical resection for OSCC. PLR but not NLR is an independent indicator of DFS and OS in patients with OSCC after radical resection. PLR is superior to NLR as a predictive factor in patients with OSCC.
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